The P2 1 /m ↔ C2/m phase-transition has been studied by high-T FTIR analysis on a series of synthetic amphiboles in the Li 2 O-Na 2 O-MgO-SiO 2 -H 2 O (LNMSH) system. Spectra were collected in the T range 25-450
Introduction

1
Monoclinic amphiboles with small B cations (Mg, Fe 2+ )
sive P-T -X model for the phase transition in amphiboles 16 still needs to be developed.
17
Oberti et al. (2000) used single-crystal X-ray refinement 18 (SREF), Secondary Ion Mass Spectrometry (SIMS), and 19 Fourier Transform Infrared spectroscopy (FTIR) to show 20 that some synthetic amphiboles obtained by Gibbs et al. 21 (1962) and Maresch & Langer (1976) Room-T OH-stretching FTIR spectra 57 The room-T OH-stretching infrared spectra of the studied 58 samples have been already discussed by Iezzi et al. (2004, 59 2005, 2006). They consist of two main bands at ∼ 3740 60 and 3715 cm −1 , which are assigned to two independent 61 OH groups in the P2 1 /m structure, which interact with the 62 strongly off-centred A Na, as shown by the structure refine-63 ment (Iezzi et al., 2004) . Two minor absorptions in the 64 spectra are centred at 3690 and 3670 cm −1 , respectively. 65 These latter bands are assigned to OH groups adjacent to 66 vacant A sites in the structure, and indicate a slight depar-67 ture from the nominal composition (cummingtonite com-68 ponent, i.e. vacancy at the A site locally balanced by excess 69 B Mg with respect to 1.0 apfu).
70
High-T FTIR spectra: the OH-stretching region 71 Figure 1 shows the complete set of spectra collected at 72 increasing T on sample 405. 85 to changes in the phonon spectra. Such changes include 86 peak shift, peak splitting and peak broadening; this latter 87 feature is particularly significant in high-T spectroscopy. 88 As a consequence, the transition temperature cannot be 89 straightforwardly extracted from the OH-spectra given in 90 Fig. 1 . With increasing T , we actually observe two simul-91 taneous effects: an intrinsic broadening of the two bands 92 due to a temperature effect, and their merging due to the 93 P2 1 /m → C2/m phase transition. The combination of these 94 two effects prevents a reliable deconvolution of the spectra 95 if the FWHM or the peak positions is not constrained 96 during the fitting process. In our opinion, therefore, the T 97 of complete merging of the two components can be best 98 located by visual inspection of the spectra, as the point be-99 yond which there is no major change (Fig. 2) . We estimate 100 that T c can be bracketed in this way with an uncertainty of 101 • C up to 390
• the T step is 10
• C. Fig. 2 . Example of the "visual" estimation of the transition temperature using the OH-bands, sample 403. Note that after ∼ 250
• C there are no more major changes in the spectrum.
± 10
• C (because of the step used in collecting the data), 1 which is however reasonable for comparison (see below).
2
A list of the transition temperatures obtained by inspection 3 of the OH spectra is given in * T beyond which there are no major changes in the spectra; ** fitting a 2-4-6 Landau potential to the variation of Δν A with T ; *** for this method the uncertainty can be considered to be ± 10
High-T FTIR spectra: the MIR (1300-640 cm −1 ) 7 region 8 Figure 3 shows the typical evolution of the FTIR spec-9 trum in the medium infrared (MIR) 1300-640 cm −1 re-10 gion as a function of increasing T . This spectral region 11 is poorly studied for amphiboles and for silicates in gen-12 eral (see Milkey, 1960 , and the classical book edited by 13 Farmer, 1974). The many bands observed in the 1200-14 800 cm −1 range can be broadly assigned to the tetrahe-15 dral T-O stretching vibrations (Ishida, 1989 (Ishida, , 1990 ; the 16 multiplicity of components observed in With increas-32 ing T, we observe a general broadening and a slight shift 33 of all these bands; however, the most notable feature is the 34 progressive merging of the two most intense components at 35 980 (D) and 940 (E) cm −1 .
36
At room T , the 820-640 cm −1 range (segment 2 in Fig. 3 ) 37 also shows several absorptions: the two most prominent are 38 centred at ∼ 750 (G) and 670 (H) cm −1 , and a minor and 39 broader absorption is observed at 720 (I) cm −1 ; all bands in 40 this range simply shift and broaden with increasing T .
41
Peak shift as a function of T
42
As already shown to be the case for cummingtonite (Boffa 43 Ballaran et al., 2004) , the parameter that can be determined 44 with the highest precision in the spectral region of Fig. 3 is 45 the wavenumber shift of the higher-frequency component 46 A at 1140 cm −1 . However, the bands G and H, at ∼ 750 47 and 670 cm −1 respectively, show the same type of shift. and can be fitted with a 2-4-6 Landau potential: At equilibrium ∂G/∂(Δν A ) = 0, and substituting q 2 with 30 Δν A , we can express the temperature as a function of Δν A : 31
The calculated transition temperatures are reported in Ta-32 ble 2, while the fitted ratios of Landau coefficients are re-33 ported in Table 3 . Sample 407 has a c/a coefficient ratio 34 potential.
12
The same procedure has been applied to bands G and H in were obtained for all the other samples. The autocorrelation 43 of the lower-frequency segment 2 (820-640 cm −1 , the in-44 termediate frequency 730 cm −1 being used as a label) gave 45 more consistent results. An example of the evolution with 46 T of the Δcorr 730 for sample 406 is given in Fig. 8 . Unfor-47 tunately, the observed evolution with T of the Δcorr val-48 ues does not allow a reliable fitting using a Landau poten-49 tial. Therefore, estimation of T c has been done by finding 50 the crossover point of the two lines obtained by fitting the 51 high-T and low-T data. The T c estimates obtained with this 52 method are also given in Table 2 , where comparison can be 53 made with the values obtained using all the above described 54 procedures. Table 3 shows that while the data for sample 407 can be 
